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2-((2S,3S,4R,5R)-5-((S)-3-AMINO-2-
HYDROXYPROP-1-YL)-4-METHOXY-3-
(PHENYLSULFONYLMETHYL)
TETRAHYDROFURAN-2-YL)ACETALDEHYDE
DERIVATIVES AND PROCESS FOR THEIR
PREPARATION

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims the benefit of and priority to U.S.
Provisional patent application No. 61/581,164, filed Dec. 29,
2011. The content of the above-noted patent application is
hereby expressly incorporated by reference into the detailed
description hereof.

FIELD

The specification relates to tetrahydrofuran-2-yl acetalde-
hyde derivatives of formula 1, as disclosed herein, and pro-
cess for their preparation.

BACKGROUND

Halinchondrin analogs have been disclosed as having anti-
cancer and antimitotic activity (U.S. Pat. No. 6,214,865,
incorporated herein by reference). In particular, Halichondrin
B has been reported as a potent anticancer agent that was first
isolated from the marine sponge Halichondria okadai (U.S.
Pat. No. 6,214,865, WO 2005/118565 Al and WO 2009/
124237 A1, all incorporated herein by reference). In addition,
Eribulin, a Halichondrin B analog, has been reported as hav-
ing potent anticancer properties (WO 2009/124237 A1, incor-
porated herein by reference).
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HO,

MsOH-HZN\)\
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Eribulin Mesylate (where Ms=CH,SO,—)
The synthetic approach described (U.S. Pat. No. 6,214,

865; WO 2009/124237 A1, Bioorg. Med. Chem. Lett., 2004,
14, 5551 and J. Am. Chem. Soc. 2009, 131, 15642, all incor-
porated herein by reference) involves introduction of nitrogen
in the C27-C35 fragment of Eribulin after assembly of the
macrocycle. Such an approach can add synthetic steps to the
later stages of the synthesis, after the building blocks corre-
sponding to the C1-C13 and C14-C26 fragments have been
introduced. The synthesis of those fragments is long and
complex; and every additional step in the synthesis can imply
an increase in manufacturing costs. In addition, due to the
cytotoxic nature of Eribulin, late introduction of the nitrogen
results in a greater number of steps that can require special
safety containment, which can limit throughput and can also
increase the cost of producing the active pharmaceutical
ingredient (API).

There is a need in the art for a compound that corresponds
to the C27-C35 fragment, and that can be used in process for
preparation of Halichondrin and its analogs, including Eribu-
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lin. In addition, there is a need in the art for a compound that
can help to improve the convergence of the synthetic route for
preparation of Halichondrin and its analogs, and therefore,
can also help to reduce the amount of C1-C13 and C14-C26 5
fragments required. Further, there is a need in the art for a
compound that can help to reduce the number of steps that can
require safety containment for preparation of Halichondrin
and its analogs. Moreover, there is a need in the art for a
process for preparation of such a compound.

SUMMARY OF THE INVENTION
15

In one aspect, the specification discloses a compound of
formula 1

25

R3/N\

R4

wherein R, R?, R, R* R>,R®and R” are as described herein.

In another aspect, the specification discloses a compound of
formula 3

35
3
R7

R2 0] OH

\O 40
o R',
N
-~

R? ~ R* 45

wherein R', R?, R®*, R* and R7 are as described herein.

In a further aspect, the specification discloses a compound of
formula 4 50

55

60
R3/N\

R4

wherein R?, R®, R* and R” are as described herein.

In a still further aspect, the specification discloses pro- 65
cesses for the preparation of the compounds of formula 1, 3
and 4.

4
DESCRIPTION OF EXAMPLE EMBODIMENTS

As described above, in one aspect the specification dis-
closes a compound of formula 1

R3/N\

R4

wherein,

R' is —CH,—CH=CR®*R®, —CH,—C(=0)—R® or
—CH,—CH,—O—R"°, wherein

R® and R* each independently is H or a hydrocarbon, the
hydrocarbon optionally having one or more heteroat-
oms;

R® is H or OR'?, wherein R'! is H or a hydrocarbon, the
hydrocarbon optionally having one or more heteroat-
oms;

R'°is H or an alcohol protecting group;

R? is H or an alcohol protecting group;

R? and R* each independently is H, a silyl group, an acyl

group, a sulfonyl group or an alkoxycarbonyl group;

or R? and one of R® and R* together form —C(=0)—,
—C(=0)—C(=0)— or—C[R**)(R**)—, wherein R'* and
R'? each independently is H or a hydrocarbon, the hydrocar-
bon optionally having one or more heteroatoms;

R’ and RS each independently is H, —CH,OR'" or
—CH,SO,—Ar, or R® and RS taken together form —CH—
SO,—Ar, wherein

R'*is H or an alcohol protecting group; and

Ar is an aryl group; and

R’ isH, C,_; alkyl or C, 5 haloalkyl.

In one embodiment, the compound has the stereochemical
configuration as shown in formula 1'

N
EY!

The term “hydrocarbon”, as used herein, refers to a group
that contains hydrogen and carbon, linked generally via a
carbon backbone, but may optionally include heteroatoms.
Thus, groups like methyl, ethoxyethyl, 2-pyridyl, and trifluo-
romethyl are considered to be hydrocarbyl for the purposes of
this application. Hydrocarbyl groups include, but are not
limited to aryl, heteroaryl, carbocycle, heterocycle, alkyl,
alkenyl, alkynyl, and combinations thereof.

The term “heteroatom” as used herein means an atom of
any element other than carbon or hydrogen. Preferred het-
eroatoms are nitrogen, oxygen, silicon and sulfur.
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The term “alcohol protecting group” as used herein is not
particularly limited, and should be known to a skilled worker
or can be determined (see, for example, Wuts, P. G. M.;
Greene, T. W. Greene'’s Protective Groups in Organic Syn-
thesis, 4th ed.; John Wiley & Sons, Inc.: Hoboken, N.J.,
2007). In one embodiment, for example and without limita-
tion, the protecting group forms an ester, ether or is a silyl-
protecting group. In a further, embodiment for example and
without limitation, the ester formed is acetyl (Ac), benzoyl
(Bz) or pivaloyl (Piv). In another embodiment, for example
and without limitation, the ether protecting group formed is
benzyl (Bn), p-methoxyethoxymethyl ether (MEM), trityl
(Tr), dimethoxy trityl (DMT), methoxymethyl ether (MOM),
or the like. In a still further embodiment, for example and
without limitation, the silyl protecting group formed is tert-
butyldimethylsilyl (TBDMS), tri-iso-propylsilyloxymethyl
(TOM), or triisopropylsilyl (TIPS).

The term “silyl group” as used herein is not particularly
limited, and should be known to a person of skill in the art. In
one embodiment, for example and without limitation, the
silyl group refers to the general formula “R,Si-”, where R is
a hydrocarbon; and can include the silyl protecting groups
noted above. In a further embodiment, for example and with-
out limitation, the silyl group can optionally have one or more
heteroatoms.

The term “acyl group” as used herein is not particularly
limited, and should be known to a person of skill in the art. In
one embodiment, for example and without limitation, the acyl
group refers to the general formula “RC(—0)—", where R is
a hydrocarbon; and can also include the acyl protecting
groups noted above.

The term “sulfonyl group” as used herein is not particularly
limited, and should be known to a person of skill in the art. In
one embodiment, for example and without limitation, the
sulfonyl group refers to the general formula “RSO,—”,
where R is a hydrocarbon. In a further embodiment, for
example and without limitation, the sulfonyl group can
optionally have one or more heteroatoms.

The term “alkoxycarbonyl group” as used herein is not
particularly limited, and should be known to a person of skill
in the art. In one embodiment, for example and without limi-
tation, the alkoxycarbonyl group refers to the general formula
“R—O—C(—0)—", where R is a hydrocarbon.

The term “alky]” as used herein is not particularly limited
and should be known to a person of skill in the art; and refers
to substituted or unsubstituted saturated hydrocarbon groups,
including straight-chain alkyl and branched-chain alkyl
groups, including haloalkyl groups such as trifluoromethyl
and 2,2,2-trifluoroethyl, etc. In one embodiment, for example
and without limitation, the alkyl group is a C, 4 alkyl.

The term C,_galkyl in accordance with the specification is
not particularly limited and should be known to a person of
skill in the art. The C, 4 alkyl may be, for example, and
without limitation, any straight or branched alkyl, for
example, methyl, ethyl, n-propyl, i-propyl, n-butyl, i-butyl,
sec-butyl, t-butyl, n-pentyl, i-pentyl, sec-pentyl, t-pentyl,
n-hexyl, i-hexyl, 1,2-dimethylpropyl, 2-ethylpropyl, 1,2-
dimethylbutyl, 1-ethyl-2-methylpropyl, 1,1,2-trimethylpro-
pyl, 1,1-dimethylbutyl, 2,2-dimethylbutyl, 2-ethylbutyl, 1,3-
dimethylbutyl, 2-methylpentyl or 3-methylpentyl.

The term “aryl” as used herein is not particularly limited,
and should be known to a person of skill in the art. In one
embodiment, for example and without limitation, the aryl
groupisaCg_,,aryl. In another embodiment, for example and
without limitation, aryl includes 5-, 6-, and 7-membered sub-
stituted or unsubstituted single-ring aromatic groups in which
each atom ofthe ring is carbon. The term “aryl” also includes
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6

polycyclic ring systems having two or more cyclic rings in
which two or more carbons are common to two adjoining
rings wherein at least one of the rings is aromatic, e.g., the
other cyclic rings can be cycloalkyls, cycloalkenyls,
cycloalkynyls, aryls, heteroaryls, and/or heterocyclyls.
Examples of aryl include benzene, naphthalene, phenan-
threne, phenol, aniline, anthracene, and phenanthrene.

In another aspect, the specification relates to a process for
preparation of the compound of formula 1 as described above,
the process containing the step of:

converting the terminal alcohol of the compound of for-

mula 2 into an amine to form the compound of formula

la
R7

2 I
R RS

~ (@]

—_—
HO
0 R!
2
LN

la

wherein R', R? R?, R* R>, R® and R’ are as described
above.

The process for conversion of the alcohol group into an
amine group is not particularly limited. In one embodiment,
for example and without limitation, the conversion is carried
out by converting the alcohol into a leaving group to form an
intermediate, followed by substitution of the leaving group by
an amine or other nitrogen based nucleophile to form the
compound of formula 1.

A leaving group as disclosed herein is a molecular frag-
ment or stable species that can be detached from a molecule in
a bond-breaking step. The leaving group, in accordance with
the specification, is not particularly limited and should be
known to a person of skill in the art or can be determined. The
ability of a leaving group to depart is correlated with the pK
of the conjugate acid, with lower pK, being associated with
better leaving group ability. Examples of leaving group
include, without limitation, halide or a sulfonate. Halides can
include, for example, Cl, Br or I. Examples of sulfonates can
include, without limitation, nonaflate, triflate, fluorosul-
fonate, tosylate, mesylate or besylate. In one embodiment, for
example and without limitation, the leaving group is mesylate
or tosylate.

The amine or other nitrogen based nucleophile used for
formation of the amine is not particularly limited. In one
embodiment, for example and without limitation, the amine
used for the substitution reaction is ammonia. In another
embodiment, for example and without limitation, the nitro-
gen based nucleophile is an azide. The azide used is also not
particularly limited, and can be, in one embodiment for
example, trimethylsilyl azide (TMSN;).

The organic solvent used in the reactions described herein
is not particularly limited and should be known to a person of
skill in the art or can be determined. The particular solvent
used would depend upon the reactants and the reaction being
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carried out, to allow the reaction to proceed. In one embodi-
ment, for example and without limitation, the amination is
carried out using ammonia, with methanol being used as a
solvent.

In one embodiment, in the compound of formula 1a formed
after amination and where R? is H, the hydroxyl and amine
functional groups of the compound are protected. Alcohol
protecting group, as described above, can be used to protect
the alcohol group, and where R is as described above.

The amine protecting group as used herein is not particu-
larly limited and should be known to a person of'skill in the art
(see, for example, Wuts, P. G. M.; Greene, T. W. Greene'’s
Protective Groups in Organic Synthesis, 4th ed.; John Wiley
& Sons, Inc.: Hoboken, N.J., 2007). In one embodiment, for
example and without limitation, amine protecting group can
include carbobenzyloxy (Cbz), p-methoxybenzyloxy carbo-
nyl (Moz), tert-butoxycarbonyl (t-BOC), 9-fluorenyl-
methoxycarbonyl (FMOC), acetyl (Ac), benzoyl (Bz), car-
bamate, (2-trimethylsilyl)ethanesulfonyl (SES),
p-methoxybenzyl (PMB), 3,4-Dimethoxybenzyl (DMPM) or
p-methoxyphenyl (PMP). In a further embodiment, the amine
protecting group is tert-butoxycarbonyl (t-BOC).

In one embodiment, for example, in the compound of for-
mula 1, R' is —CH,—CH=—CH,. In another embodiment,
for example, in the compound of formula 1 R! is —CH,—C
(=O)H. The process for formation of the compound of for-
mula 1 where R! is —CH,—C(=0)H is not particularly
limited. In one embodiment, the compound of formula 1
where R! is —CH,—C(=0)H is formed from a compound
where R* is —CH,—CH=—CH.,. The process for conversion
is not particularly limited. In one embodiment, for example
and without limitation, the conversion is carried out by oxi-
datively cleaving the alkene to form the aldehyde.

The process for oxidatively cleaving the alkene to an alde-
hyde is not particularly limited and should be known to a
person of skill in the art or can be determined. In one embodi-
ment, for example and without limitation, the oxidative cleav-
age is performed using osmium tetroxide/sodium periodate or
by ozonolysis.

In one embodiment in the compound of formula 1, R® and
R® each independently is H, —CH,OR'* or —CH,SO,—Arr,
orR® and RS taken together form —CH—SO,—Ar, where Ar
is aryl and R'* is H or an alcohol protecting group. In a further
embodiment in the compound of formula 1, one of R® and R®
is —CH,SO,-Ph. In a still further embodiment, for example,
the one of R? and R is —CH,SO,-Ph and the carbon to which
it is attached has the S-configuration.

The process for formation of a compound of formula 1
where R® and R® is, as described above, not particularly lim-
ited. In one embodiment, for example a compound of formula
3 is converted into the compound of formula 1, where one of
R® and R® is —CH,SO,-Ph.

R’
/
. o OH
\O
—_—
0 R!
N
Y
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-continued

R3/N\

R4

The process for conversion of the alcohol group into R> and
R® as described above in the compound of formula 1 is not
particularly limited. In one embodiment, for example and
without limitation, the alcohol is oxidized to a ketone (“R'—
C(=0)—R”) prior to conversion to the compound of formula
1. The oxidation of the alcohol is not particularly limited, and
should be known to a skilled worker or can be determined. In
one embodiment, for example and without limitation, the
oxidation is performed using a chromium-based reagent,
such as Collins reagent, pyridinium dichromate (PDC) or
pyridinium chlorochromate (PCC); activated dimethyl sul-
foxide (DMSO), such as, Swern oxidation, Moffatt oxidation
or Doering oxidation; or hypervalent iodine compounds, such
as, Dess-Martin periodinane or 2-iodoxybenzoic acid.

Following oxidation of the alcohol to a ketone, the ketone
functional group can be, in one embodiment, for example and
without limitation, converted into an alkene. The reaction to
convert a ketone to an alkene is not particularly limited, and
should be known to a skilled worker or can be determined. In
one embodiment, for example and without limitation, the
ketone can be converted into an alkene using the Peterson
olefination, the Wittig reaction or the like. In a further
embodiment, for example and without limitation, the ketone
is converted into an alkene using (EtO),POCH,SO,Ph.

Upon formation of the alkene, the compound can be
reduced to alkane using a reducing agent. The reducing agent
used in not particularly limited and can be determined by a
skilled worker. In one embodiment, for example and without
limitation, the reduction is carried out using a hydride source.
The hydride source used is not particularly limited and should
be known to a skilled worker or can be determined. In one
embodiment, for example and without limitation, the hydride
source is Stryker’s Reagent ([(PPh,)CuH]) or sodium boro-
hydride triacetate (NaBH(OAc);).

In one embodiment in the compound of formula 1, R” is H,
C,; alkyl or C, ; haloalkyl. In a further embodiment, for
example and without limitation, R” is C,_; alkyl. In a still
further embodiment, for example and without limitation, R”
is methyl.

The process for preparation of compounds of formula 1
will now be described with reference to Scheme 1 and 2,
shown below.

SO,Ph

B —— e
1) TsCl, NEt;
2) NH;, MeOH
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-continued
SO,Ph

MeO,,, -
Ho 1) CDI, NEt
&0 2) Boc0, NEts
N
1f
SO,Ph
0O —
MeO,,
o ", /_
R
nunn 1) 0sO4, NMO
Boc WS¢ 2) NalO
1li
SO,Ph
O
CHO
o /
Boc
1j
Scheme 1

The compound of formula 5, as shown in Scheme 1, can be
obtained from D-(+)-Glucurono-6,3-lactone according to the
conditions as described in Pure Appl. Chem. 2003, 75, 1-17,
incorporated herein by reference. The terminal alcohol in the
compound of formula 5 can be converted into a leaving group,
such as a tosylate, followed by nucleophillic substitution with
an amine, such as ammonia, that leads to formation of the
compound of formula 1f. Reaction with 1,1'-carbonyldiimi-
dazole (CDI) and protection of the oxazolidinone with di-tert-
butyl pyrocarbonate (Boc,O) leads to the compound of for-
mula 1i. The alkene in the compound of formula 1i can then
be converted to an aldehyde of formula 1j, by oxidation using
osmium tetroxide and N-methyl morpholine N-oxide, fol-
lowed by reaction with sodium periodate (NalO,).

O+
O —_—
m-CPBA

Jacobsen's catalyst. TMSN3

O+
O
1) PPhs

2) CDL NEg
3) Boc,0, NEtg

w
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-continued
o O
BnO,,,l
O ‘ O -
N\)\ Allyl-TMS, Ti(OP)Cls
Boc/ > (6]
K
o OH
BnO,,
o 1, /=
; i 1) Swem
BOC/N W~ 2) (Et0),POCH,S0,Ph
L
1) TMSI
2) NaBH(OAc);
3) Mel, AgO
_—
1) OsO4, NMO
2) NalOy
SO,Ph
/CHO
Scheme 2

Scheme 2 discloses an alternate route for the synthesis of
compounds of formula 1. Formation of the epoxide of for-
mula H can be carried out following a similar procedure as
disclosed in Org. Lett., 2010, 12, 744, incorporated herein by
reference. Nucleophillic reaction of the compound of formula
H with an azide, such as trimethylsilyl azide (TMSN;) can
lead to the formation of compound of formula J. The azide can
be reduced using, for example and without limitation, triph-
enylphosphine (PPh,), followed by reaction of the amine with
CDI and Boc,0, as described above in Scheme 1, to form the
compound of formula K. Nucleophillic reaction with, for
example and without limitation, allyl-trimethylsilyl in the
presence of a catalyst, of the compound of formula K leads to
compound of formula L.

The catalyst used for such nucleophillic reaction is not
particularly limited and can be determined by a skilled
worker. In one embodiment, for example and without limita-
tion, the catalyst used is Ti(OPr")Cl,.

The alcohol group in the compound of formula L. can be
oxidized to a ketone, followed by a Wittig or Horner-Wad-
sworth-Emmons type reaction to form the compound of for-
mula 1m. The benzyl group (Bn) from the compound of
formula 1m is removed using trimethylsilyl iodide (TMSI) to
provide a free hydroxyl group. The arylsulfonyl alkene can be
reduced using a hydride source, for example and without
limitation, NaBH(OAc),. As shown in scheme 2, the reduc-
tion of the double bond by NaBH(OACc),, with a vicinal free
hydroxyl group can help to direct the reduction process and to
obtain the desired stereoselectivity of the arylsulfonyl alky-
lene. The free hydroxyl is then methylated to form the com-



US 9,062,020 B2

11

pound of formula 1i. Oxidative cleavage of the alkene func-
tional group in the compound of formula 1i with, for example
and without limitation, osmium tetroxide and N-methylmor-
pholine N-oxide followed by sodium periodate leads to the
formation of compound 1j.

In another aspect, the specification relates to a compound
of formula 3

R7
/
2 o OH
o
0 R!
N
R3 TN R?

wherein R!, R?, R? R*and R’ are as described herein.

In a further aspect, the specification relates to a compound
of formula 4

N
7 pd

wherein R?, R®, R* and R” are as described herein.

EMBODIMENTS

1. The compound of formula 1:

R3/N\

R4

wherein,

R' is —CH,—CH—CR®R®, —CH,—C(—0)—R°® or
—CH,—CH,—O0—R"°, wherein
R®and R* each independently is H or a hydrocarbon, the

hydrocarbon optionally having one or more heteroa-
toms;

R®is Hor OR'!, wherein R'* is H or a hydrocarbon, the
hydrocarbon optionally having one or more heteroa-
toms;

R'° is H or an alcohol protecting group;
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R? is H or an alcohol protecting group;

R? and R* each independently is H, a silyl group, an acyl
group, a sulfonyl group or an alkoxycarbonyl group;
or R? and one of R® and R* together form —C(=0)—,
—C(=0)—C(=0)— or —CR'*)(R**)—, wherein
R'? and R'? each independently is H or a hydrocarbon,
the hydrocarbon optionally having one or more heteroa-

toms;

R’ and R® each independently is H, —CH,OR'* or
—CH,SO,—Ar, or R’ and R° taken together form
—CH—SO,—Ar, wherein

R'*is H or an alcohol protecting group; and
Ar is an aryl group; and
R7is H, C,_; alkyl or C, 5 haloalkyl.

2. The compound according to embodiment 1, wherein the
compound has the stereochemical configuration as shown in
formula 1'

1

3. The compound according to embodiment 1 or 2, wherein
R' is —CH,CH=CH,, —CH,CH=CH—CH,,
—CH,—CH—C(CHj,), or —CH,—C(—O0O)H.

4. The compound according to any one of embodiments 1 to
3, wherein R is —CH,—C(=0)H.

5. The compound according to any one of embodiments 1 to
4, wherein R? is H, a silyl group, an acyl group or an alkoxy-
carbonyl group.

6. The compound according to any one of embodiments 1 to
5, wherein R® and R* each independently is H, a silyl group,
an acyl group, a sulfonyl group or an alkoxycarbonyl group,
and at least one of R* and R* is other than H.

7. The compound according to any one of embodiments 1 to
4, wherein R? and one of R® and R* together form
—C(=0)—, and other R® or R* is H, a silyl group, an acyl
group, a sulfonyl group or an alkoxycarbonyl group.

8. The compound according to any one of embodiments 1 to
7, wherein one of R® and R is H and the other is —CH,SO,—
Ar.

9. The compound according to any one of embodiments 1 to
7, wherein one of R® and R is H and the other is —CH,SO,—
Ar, and the carbon to which they are attached has the S-con-
figuration.

10. The compound according to any one of embodiments 1 to
9, wherein R is a C,_, alkyl group.

11. The compound according to any one of embodiments 1 to
9, wherein R” is methyl.
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12. A process for preparation ofthe compound of formula 1 as
defined in any one of embodiments 1 to 11, the process
comprising:
converting the terminal alcohol of the compound of for-
mula 2 into an amine or substituted amine to form the
compound of formula 1

wherein R', R?, R?, R*, R>, RS and R are as defined in
embodiment 1.

13. The process according to embodiment 12, comprising
converting the primary alcohol function in the compound of
formula 2 into a leaving group to form an intermediate, fol-
lowed by amination of the intermediate to form the compound
of formula 1.
14. The process according to embodiment 13, wherein the
leaving group is a sulfonate-based leaving group.
15. The process according to embodiment 14, wherein the
sulfonate-based leaving group is nonaflate, triflate, fluorosul-
fonate, tosylate, mesylate or besylate.
16. The process according to embodiment 14, wherein the
sulfonate-based leaving group is tosylate.
17. The process according to any one of embodiments 13 to
16, wherein the amination is carried out using ammonia in an
organic solvent.
18. The process according to embodiment 17, wherein the
organic solvent is methanol.
19. The process according to any one of embodiments 12 to
18, wherein the process involves converting the compound of
formula 2 to form the compound of formula la

NH,

la

20. The process according to any one of embodiments 12 to
18, wherein R? and R? together form —C(—0)— and R* is
N-tert-butoxycarbonyl (t-BOC).
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21. The process according to any one of embodiments 12 to
20, wherein R! is —CH,—CH=CH, (compound of formula
1b).

22. The process according to embodiment 21, further com-
prising oxidatively cleaving the alkene to form the aldehyde
of formula 1c

CHO.

N
EY!
le

23. The process according to any one of embodiments 12 to
22, wherein R’ is H and R is —CH,SO,Ph.
24. The process according to any one of embodiments 12 to
23, wherein R” is methyl.
25. A process for preparation of the compound of formula 1 as
defined in any one of embodiments 1 to 11, the process
comprising:

converting the alcohol group of the compound of formula 3

to form the compound of formula 1

R4

AN

R4

26. The process according to embodiment 25, wherein the
alcohol is oxidized to a ketone prior to conversion to the
compound of formula 1.

27. The process according to embodiment 26, wherein the
oxidation is carried out using Swern oxidation.

28. The process according to embodiment 26 or 27, wherein
a Wittig or a Horner-Wadsworth Emmons reaction is carried
out on the ketone to form the compound of formula 1.
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29. The process according to embodiment 28, wherein the
ketone is reacted with (EtO),POCH,SO,Ph to form a com-
pound of formula 1d

1d

7N

R? R*

30. The process according to embodiment 29, wherein the
alkene is reduced to form the compound of formula le

R3/N\

R4

31. The process according to embodiment 30, wherein the
reduction is carried out using a hydride source.

32. The process according to embodiment 31, wherein the
hydride source is NaBH(OAc);.

33. The process according to any one of embodiments 25 to
32, wherein R' is —CH,—CH—CH.,

34. The process according to embodiment 33, further com-
prising oxidatively cleaving the alkene to form the aldehyde.

35. The process according to any one of embodiments 25 to
34, wherein R? and R?® form —C(—0O)— and R* is N-tert-
butoxycarbonyl (t-BOC).

36. The process according to any one of embodiments 25 to
34, wherein R? and R® form —C(R'?)(R'*)—, wherein R'?
and R'? each independently is H or a hydrocarbon, the hydro-
carbon optionally having one or more heteroatoms.

37. The process according to any one of embodiments 25 to
36, wherein R” is methyl.

38. The process according to any one of embodiments 25 to
37, wherein the compound of formula 3 is formed by con-
verting a compound of formula 4 into the compound of for-
mula 3
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-continued

R3/N\

R4

39. The process according to embodiment 38, wherein the
conversion to form the compound of formula 3 is carried out
using nucleophilic addition of an allyl silane.

40. The process according to embodiment 39, wherein the
nucleophilic addition is carried out using allyl-TMS in the
presence of a catalyst, whereby TMS stands for trimethylsi-
Iyl.

41. The process according to embodiment 40, wherein the
catalyst is Ti(OPr")Cl,.

42. The process according to any one of embodiments 37 to
41, wherein the compound of formula 4 is formed by conver-
sion of a compound of formula 5 to form the compound of
formula 4

R3/N\

R4

wherein R?, R?, R* and R” are as defined in embodiment 1.
43. The process according to embodiment 42, wherein the
conversion is carried out by nucleophilic addition of an amine
or an azide.

44. The process according to embodiment 43, wherein the
intermediate formed upon addition of the azide is reduced to
form the compound of formula 4.

45. The compound of formula 3

3
R’
/
2 o OH
\O
0 RY,
N
R3 7N R#

wherein R!, R?, R?, R* and R are as defined in embodi-
ment 1.
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46. A process for preparation of the compound of formula 3,
comprising the process as defined in any one of embodiments
37 to 40.

47. The compound of formula 4

R3/N\

R4

wherein R?, R*, R* and R” are as defined in embodiment 1.

48. A process for preparation of the compound of formula 4,
comprising the process as defined in any one of embodiments
42 to 44.

49. A process for preparation of a halichondrin analog, com-
prising the process as defined in any one of embodiments
12-44.

50. A process for preparation of Eribulin, comprising the
process as defined in any one of embodiments 12-44.

EXAMPLES

The invention is now described by way of examples, which
disclose embodiments of the inventions, and are not intended
to be limiting of the invention as described and set herein.

Example 1

Preparation of Compound of Formula 5a

O
Meo//,, —_—
" mCPBA

O

/\\‘\\\\\\ J

11

Epoxide of formula 5a was prepared by oxidation of com-
pound of formula 11 with m-Chloroperbenzoic acid
(mCPBA), following the procedure described in Org. Lett.
2010, 12, 744.
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Example 2

O
0.5 equiv TMS-N3

MeO,,,,
fe) 5 mol % (R,R)-salen-Cr(III)
O
I>\ i TBME, 0° C., 72 hrs
\\“\\ o]
Sa
O
MeO,,
0,
fo) +
e}
I>g\\\“‘\\\ 6]
A*
O
MeO,,,I
RO 0
N3 \)ﬁ\\\\“‘“ o)
R=TMS,B
R=MH,C

A dry reaction vessel equipped with a stir bar and rubber
septum, under an atmosphere of N,, was charged with com-
pound 5a (1 wt. parts). Compound Sa was dissolved in anhy-
drous methyl t-butyl ether (MTBE, 1.6 vol. parts) and the
resulting solution was cooled to 0° C. (R,R)-salen-Cr(III)
(0.01 eq, 0.03 wt. parts) and trimethylsilyl azide (TMSN,)
(0.50 eq, 0.25 wt. parts) were added to the solution of 5a at 0°
C. and the resulting reaction mixture was stirred at 0° C. for
72 hrs. The volatiles were removed under reduced pressure
and the crude mixture was separated by column chromatog-
raphy (stationary phase: SiO,, eluent: 1:0-7:13 heptanes:E-
tOAc) to afford single isomers A* (0.49 eq.) and B+C (0.49
eq.) as colourless oils.

Example 3

Preparation of Compound of Formula 2a
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The diol of formula 2a was prepared from D-(+)-Glucu-
rono-6,3-lactone according to the conditions described in
Pure Appl. Chem. 2003, 75, 1-17.

Example 4

SO,Ph

MeO,,,
1o & / MsCl, Et;N
o P ——
HO\/k CH,Cls, -60° C.
W (0]

Compound 2a (1 wt. parts) is dissolved in CH,Cl, (14 vol.
parts) and the resulting solution is cooled to an internal tem-
perature of —60° C. Triethylamine (Et;N) (1.1 eq., 0.3 wt.
parts) and methanesulfonyl chloride (MsCl) (1.1 eq., 0.3 wt.
parts) are added sequentially at —-60° C. The internal tempera-
ture of the reaction mixture is kept below -52° C. The reac-
tion is run at —60° C. for 45 min, until no further conversion is
detected by thin layer chromatography (TL.C) (1:1 heptanes:
EtOAc). The reaction is quenched with water (5 vol. parts),
warmed to room temperature and the organic layer is sepa-
rated. The aqueous layer is further extracted with CH,Cl,
(2x5 vol. parts) and the combined organic layers are dried
over Na,SO,, filtered and concentrated in vacuo. The crude
mixture is purified by column chromatography (stationary
phase: Si0O,, 1:0-1:1 heptanes:EtOAc) to afford compound of
formula D.

Example 5

TsCl
pyridine
CH,Cl,, 0° C.to 20° C.
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Compound 2a (1 wt. parts) is dissolved in CH,Cl, (5.7 vol.
parts) and the resulting solution is cooled to 0° C. To the
solution of 2a is added pyridine (5.0 eq., 1.1 wt. parts), cata-
Iytic 4-dimethylaminopyridine (DMAP) and 4-toluenesulfo-
nyl chloride (TsCl) at 0° C. The reaction mixture is allowed to
slowly warm to room temperature and is stirred at room
temperature until TLC analysis (eluent: 1:1 heptanes:EtOAc)

65

20

indicates the reaction to be complete. The reaction is
quenched with sat. aq. NH,CI (5 vol. parts). The organic layer
is separated and washed once more with sat. aq. NH,Cl,
followed by 1M aq. HCI. The organic layer is dried over
Na,SO,, filtered and concentrated in vacuo. The crude prod-
uct is purified by column chromatography (stationary phase:
Si0,, eluent: 3:1-1:1 heptanes:EtOAc) to obtain E.

Example 6

Preparation of Compound of Formula le

SO,Ph

unnn/ NH3z/MeOH
e —

MeO,,,I
HO “

RO \A \“
- 0]

R=Ms,D
R=Ts,E

Compound D or E (1 wt. parts). is dissolved in 7 N NH; in
methanol (33 vol. parts) and stirred at room temperature for 3
days, or until TLC analysis (eluent: 1:1 heptanes:EtOAc)
indicates that the starting material is consumed. The volatiles
are removed under reduced pressure and the crude mixture is
redissolved in CH,Cl, and washed with sat. aqueous
NaHCO;. The organic layer is separated, dried over Na,SO,,
filtered and concentrated under reduced pressure to afford
crude le which is used without further purification.

SO,Ph

MeO,,,
HO / NaNj3
LLLITIIT -
DMF, 50° C.
TSO\)\ \\“ ’
w (0]
E

Compound E (1 wt. parts) is dissolved in dimethylforma-
mide (DMF) (20 vol. parts) and to this solution is added NaNj
(6.5 eq. 0.82 wt. parts) at room temperature. The reaction
mixture is heated to 50° C. until TLC analysis (eluent: 1:1
heptanes:EtOAc) indicates the starting material to be con-
sumed. The reaction mixture is quenched with water, diluted
with diethyl ether and the layers are separated. The aqueous
layer is further extracted with diethyl ether and the combined
organics are dried over Na,SO,, filtered and concentrated
reduced pressure. The crude product G is used without further
purification.
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Example 8 The crude product is purified by column chromatography
(stationary phase: SiO,, eluent: 1:0-1:1 heptanes:EtOAc) to
afford 1g.

Preparation of the Compound of Formula 1f

5 Example 10

SO,Ph Preparation of Compound of Formula 1h

z / PPhy
minn THF/H O
b
N3 W
W

CDI

Crude product G (1 wt. parts) is dissolved in tetrahydrofu-
ran (THF) (10 vol. parts) and to this solution is added triph-
enylphosphine (PPh;) (1.1 eq. 0.58 wt. parts) and water (1
vol. parts). The reaction mixture is stirred at room tempera- 1n
ture until TLC analysis (eluent: 1:1 heptanes:EtOAc) indi-
cates that the starting material has been consumed. The reac-
tion is quenched with water and diluted with ethyl acetate Compound 11 (1 wt.) is dissolved in CHCl, (11 vol. parts)
(EtOAc). The layers are separated and the aq. layer is and to the resulting solution triethylamine (Et;N) (1.5 eq.,
extracted twice more with EtOAc. The combined organics are 0.42 wt. parts) and 1,1'-carbonyldiimidazole (CDI) (1.5 eq.,
dried over Na,SO,, filtered and concentrated to afford crude 5, 0.33 wt. parts) are added. The reaction mixture is stirred at
11, which is used without purification. room temperature until TLC analysis (eluent: 95:5 CH,Cl,:
MeOH) shows that the starting material has been consumed.
The reaction mixture is diluted with CH,Cl, and washed
twice with water and once with brine. The organic layer is
dried over Na,SO,, filtered and concentrated. The crude
product is purified by column chromatography (stationary
phase: SiO,, eluent: 9:1-6:4 CH,Cl,:acetone) to atford 1h.

25

Example 9

Preparation of Compound of Formula 1g 3

Example 11

40 Preparation of Compound of Formula 1i

SO,Ph
MeO,,II —
0] / Boc,O, DMAP
Et;N, THF

o ;
55 05‘/

t-BuO i
Compound E (1 wt. parts) is dissolved in dimethylforma- ! t

mide (DMF) (20 vol. parts) and to this solution is added
potassium phthalimide (3.0 eq. 1.1 wt. parts) at room tem- 60  Compound 1h (1 wt. parts) is dissolved in tetrahydrofuran

perature. The reaction mixture is stirred at room temperature (THF) (71 vol. pars) and to this solution are added triethy-
until TLC analysis (eluent: 1:1 heptanes:EtOAc) indicates lamine (Et;N) (1.2 eq, 0.29 wt. parts), catalytic 4-dimethy-
that the starting material is consumed. The reaction mixture is laminopyridine (DMAP) and di-tert-butyl pyrocarbonate

quenched with water, diluted with diethyl ether and the layers (Boc,0) (1.3 eq., 0.71 wt. parts) at room temperature. The
are separated. The aqueous layer is further extracted with 65 reaction is stirred at room temperature until TLC analysis
diethyl ether and the combined organics are dried over (eluent: 8:2 CH,Cl,:acetone) shows that the starting material
Na,SO,, filtered and concentrated under reduced pressure. has been consumed. The reaction mixture is diluted with ethyl
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acetate (EtOAc) and washed sequentially with water and 1M
aqueous HCI. The organic layer is dried over Na,SO,, filtered
and concentrated to afford crude 1i, which is used without
further purification.

Example 12

Preparation of Compound 1j

1) 0sO4, NMO
2) NalOy

t-BuO
SO,Ph

0,
MeO,,,l —0
o Ve
O nuann
N - d
t-BuO 1j

To a solution of alkene 1i (1.28 mmol) in CH,Cl, (8 mL)) at
room temperature is added 4-methylmorpholine N-oxide
(NMO) (3.84 mmol, 3.0 equiv) and a solution of OSO,
(0.10M in H,, 0O, 0.020 equiv). The resulting mixture is vigor-
ously stirred for 1.5 h and 0.5M aqueous solution of sodium
bisulfite (10 mL) is then added. After stirring for 30 min at
room temperature, the mixture is extracted with CH,Cl, (10
ml.x3) and the combined organic layers are washed with
brine (10 mL), dried over MgSO,, filtered and concentrated
under vacuum. The resulting residue is dissolved in CH,Cl,
(10 mL) and a saturated NaHCO; aqueous solution (0.25 m[)
is added, followed by slow addition 0of NalO, (3.84 mmol, 3.0
equiv) with vigorous stirring. After stirring for 5 h at room
temperature, the reaction mixture is filtered and the resulting
filtrate is concentrated under reduced pressure to give crude
compound 1j.

Example 13

Preparation of Compound of Formula 1k

O,
MeO,,,I
fo) S CS2C03
—_—
N\)\ - MeOH
W

t-BuO

t-BuO

24

Compound 1i (1 wt. parts) is dissolved in methanol
(MeOH) (32 vol. parts) and to this solution is added Cs,CO,
(0.2 eq, 0.13 wt. parts) at room temperature. The reaction is
stirred at room temperature until TLC analysis (eluent: 8:2

5 CH,Cl,:acetone) shows that the starting material has been
consumed. The reaction mixture is partitioned between water
and ethyl acetate (EtOAc) and the organic layer is separated.
The aqueous layer is extracted twice more with EtOAc and
the combined organics are dried over Na,SO,, filtered and

19" concentrated under reduced pressure to afford 1k.

Example 14
15
Preparation of Compound of Formula 1m
SO,Ph
20

MeO,,
) [—
HO unnm Boc,O
—_—
o 1M NaOH
W O di
HZN loxane

25

1f

SO,Ph

MeO,,,,
e,
HO
\\\‘\\\\
BocHN

To a solution of 1£(2.3 g, 6.3 mmol, 1.0 eq) in 1M aqueous
NaOH (30 mL) and dioxane (30 m[L) at room temperature was
added a solution of di-tert-butyl dicarbonate (1.6 g, 7.5 mmol,
1.2 eq.) in 1,4-dioxane (30 mL), in one portion. The reaction
mixture was stirred at room temperature for 16 hours. TLC
showed that the reaction was complete. The reaction was
quenched with 1M aqueous HCI until the pH of the reaction
mixture reached 6-7. The total volume of the reaction mixture
was reduced by half under vacuum and subsequently parti-
tioned between ethyl acetate (100 mL) and additional water
(100 mL). The layers were separated and the aqueous layer
was further extracted with ethyl acetate (2x100 mL) and the
combined organic layers were washed with brine (100 mL),
dried over MgSO,, and concentrated to a light yellow oil. The
crude 1m was used in the subsequent step without any further
purification.

30

1m

50

Example 15

55
Preparation of Compound of Formula 1n

OMe

pTSA, acetone
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SO,Ph
MeO,,,
0 O/

To a solution of crude 1m (6.3 mmol, 1.0 eq.) in acetone
(100 mL) was added 2,2-dimethoxypropane (7.7 mL, 63
mmol, 10 eq.) in one portion, followed by p-toluenesulfonic
acid (69 mg, 0.6 mmol, 0.1 eq.) at room temperature. The
reaction mixture was stirred at room temperature for 16 hrs.
TLC showed that the reaction was complete. The reaction was
quenched with triethylamine (0.1 mL, 0.7 mmol, 0.11 eq) and
the volatiles were removed under reduced pressure. The crude
material was dissolved in dichloromethane and purified by
column chromatography on silica gel using a gradient 5-10%
acetone in dichloromethane as eluent to afford in (79% over
two steps) as a sticky colorless oil.

Example 16

Preparation of Compound of Formula 1o

SO,Ph

1) 0sOy4
—_—
2) NalOy
BoeN

SO,Ph

1y /=O
O Quum

BocN

To a solution of 1n (5.5 g, 10.8 mmol, 1.0 eq.) in dichlo-
romethane (60 mI.) was added 4-methylmorpholine-N-oxide
(3.8 g, 32.4 mmol, 3.0 eq) at room temperature, followed by
a solution of OsO, (2.5% (w/w) in t-BuOH, 1.4 mL,, 0.11
mmol, 0.01 eq), dropwise. The reaction mixture was stirred
for 2.5 hours and quenched with 10% (w/w) aqueous solution
of' Na,S,0; (100 mL). The resulting mixture was stirred for
15 minutes and the layers were separated. The aqueous layer
was extracted with additional dichloromethane (2x50 mL.)
and the combined organics were dried over MgSO,,, filtered
and concentrated to afford a diol intermediate, which was
used in the subsequent step without any further purification.

In a separate 250 mL round-bottom flask, NalO, (6.9 g, 32
mmol, 3.0 eq) was suspended in dichloromethane (20 mL)
and saturated aqueous sodium bicarbonate solution (3 ml.)
was added. The diol intermediate (from the previous step)
was dissolved in dichloromethane (40 mL) and added to the
reaction mixture at room temperature. The reaction mixture
was stirred for 16 hours. The reaction solution was decanted
from the reaction vessel, washed with saturated aqueous
sodium bicarbonate solution (50 mL), brine (50 mL) and
dried over MgSO,, filtered and concentrated. The product
was purified by column chromatography on silica gel using a
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gradient 5-10% acetone in dichloromethane as eluent, to
afford the product 1o as a sticky colourless o0il (83% over 2
steps).

Example 17

Preparation of Compound of Formula 1p

SESCI
—_—
EtN, CH,Cl,

To a solution of the amino alcohol (100 mg, 0.27 mmol, 1.0
eq) in anhydrous dichloromethane (3 mL) at 0° C. was added
triethylamine (75 pL, 0.54 mmol, 2.0 eq.) and 2-(trimethyl-
silyl)ethanesulfonyl chloride (SESCL, 0.1 mL, 0.53 mmol,
1.95 eq.) in one portion. The reaction mixture was stirred at 0°
C. for 15 min before the ice bath was removed. The reaction
mixture was then warmed to rt (20° C.) and stirred for 3 hours.
TLC showed that the reaction was complete. The reaction was
quenched with saturated aqueous ammonium chloride solu-
tion (10 mL), further diluted with dichloromethane (10 mL)
and the layers separated. The aqueous layer was further
extracted with dichloromethane (2x10 m[.) and the combined
organic layers were washed with brine (10 mL), dried over
MgSO, and concentrated. The crude product was purified by
column chromatography on silica gel using a gradient
10-20% acetone in dichloromethane as eluent to afford the
SES-protected amino alcohol 1p (53%) as a sticky colourless
oil.

Example 18

Preparation of Compound of Formula 1q

OMe
MeO,,,,

11y
HO
o
W)
SESHN.

B
pTSA, acetone

SO,Ph

(0] OQuun/
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To a solution of the SES-protected amino alcohol 1p (75
mg, 0.14 mmol, 1.0 eq.) in acetone (2.5 mL) was added
2,2-dimethoxypropane (0.17 mL, 1.4 mmol, 10 eq.) in one
portion, followed by p-toluenesulfonic acid (3 mg, 0.01
mmol, 0.1 eq.) at room temperature. The reaction mixture was
stirred at room temperature for 16 hrs. The reaction was
quenched with saturated aqueous sodium bicarbonate solu-
tion (10 mL) and further diluted with methyl t-butyl ether
(MTBE) (10 mL). The layers were separated and the aqueous
layer was further extracted with MTBE (2x10 mL). The com-
bined organic layers were dried over MgSO,, filtered and
concentrated. The crude material was dissolved in dichlo-
romethane and purified by column chromatography on silica
gel using a gradient 5-10% acetone in dichloromethane as
eluent to afford SES-acetonide protected amino alcohol 1q
(46%) as a colorless oil.

Example 19

TBSCI, imidazole
CH,Cl,

10

15

20

25

30

To a solution of the crude azido alcohol G (0.19 mmol, 1.0
eq.) in anhydrous dichloromethane (2 mL) were added imi-
dazole (16 mg, 0.23 mmol, 1.2 eq.), tert-butyldimethylsilyl
chloride (TBS-CI) (34 mg, 0.23 mmol, 1.2 eq.) and a catalytic
amount of DMAP at room temperature. The reaction mixture
was stirred at room temperature for 16 hrs. The reaction was
quenched with water (10 mL.) and further diluted with dichlo-
romethane (10 mL). The layers were separated and the aque-
ous layer was further extracted with dichloromethane (2x10
mL). The combined organic layers were washed with brine
(10 mL), dried over MgSQO,, filtered and concentrated. The
crude material was purified by column chromatography on
silica gel using a gradient 0-50% ethyl acetate in heptane as
eluent to afford the TBS-protected azido alcohol H (47%)
(where TBS is tert-butyldimethylsilyl) as a colourless oil.

Certain adaptations and modifications of the described
embodiments can be made. Therefore, the above discussed
embodiments are considered to be illustrative and not restric-
tive.

45
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What is claimed is:

1. The compound of formula 1:

R3/N\

R4

wherein,
R! is —CH,—CH=CR®R®, —CH,—C(=0)—R® or

—CH,—CH,—O—R"°, wherein

R®and R* each independently is H or a hydrocarbon, the
hydrocarbon optionally having one or more heteroa-
toms;

R’ is Hor OR'!, wherein R'! is H or a hydrocarbon, the
hydrocarbon optionally having one or more heteroa-
toms;

R'° is H or an alcohol protecting group;

R? is H or an alcohol protecting group;

R? and R* each independently is H, a silyl group, an acyl
group, a sulfonyl group or an alkoxycarbonyl group;
or R? and one of R® and R* together form —C(—=0)—,
—C(=0)—C(=0)— or —CR")(R'*)—, wherein
R'? and R'? each independently is H or a hydrocarbon,
the hydrocarbon optionally having one or more heteroa-

toms;

R’ and RS each independently is H, —CH,OR' or
—CH,SO,—Ar, or R® and RS taken together form
—CH—SO0,—Ar, wherein

R'* is H or an alcohol protecting group; and
Ar is an aryl group; and
R7is H, C,_; alkyl or C, 5 haloalkyl.

2. The compound according to claim 1, wherein the com-
pound has the stereochemical configuration as shown in for-
mula 1'

1

3. The compound according to claim 2, wherein R' is
—CH,—CH—CH,, —CH,—CH—CH—CH;, —CH,—
CH—C(CH,), or —CH,—C(—O0O)H.

4. The compound according to claim 1, wherein one of R®
and R is H and the other is —CH,SO,—Ar.

5. The compound according to claim 1, wherein R” is
methyl.
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6. A process for preparation of the compound of formula 1
as defined in claim 1, the process comprising:

converting the terminal alcohol of the compound of for-
mula 2 into an amine or substituted amine to form the
compound of formula 1

wherein R!, R?, R?, R*, R®, R® and R” are as defined in
claim 1.

7. The process according to claim 6, comprising converting
the primary alcohol function in the compound of formula 2
into a leaving group to form an intermediate, followed by
amination of the intermediate to form the compound of for-
mula 1.

8. The process according to claim 6, wherein R' is
—CH,—CH—CH, (compound of formula 1b).

9. The process according to claim 8, further comprising
oxidatively cleaving the alkene to form the aldehyde of for-
mula 1c

4
R 1b

OHO.

R3/N\

R4

lc

10. The process according to any one of claim 6, wherein
R® is H and R% is —CH,SO,Ar.

11. The process according to claim 6, wherein R” is methy.

30

12. A process for preparation of the compound of formula
1 as defined in claim 1, the process comprising:
converting the alcohol group of the compound of formula 3
to form the compound of formula 1

R7
O/ OH
RZ\
10 O
—
0 R!
N
R3 7N R4 3

15

20

13. The process according to claim 12, wherein the alcohol
is oxidized to a ketone prior to conversion to the compound of
formula 1.

14. The process according to claim 12, wherein the com-
pound of formula 3 is formed by converting a compound of

30 formula 4 into the compound of formula 3

—_—
R’
o/ OH
RZ\
(@]
45
(o) RL
N
EY! 3

50

15. The process according to claim 14, wherein the con-
version to form the compound of formula 3 is carried out
using nucleophilic addition of an allyl silane.

16. The process according to claim 14, wherein the com-
pound of formula 4 is formed by conversion of'a compound of
formula 5 to form the compound of formula 4

R’

60 /
Q
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-continued

N.
377 N4 4
R R 10
wherein R?, R?, R* and R” are as defined in claim 1.
17. The compound of formula 3
15
3
R7
/
2 0 OH
\O
20
o) R!,
N
37 Spe

wherein R!, R? R3, R* and R’ are as defined in claim 1.

32

18. A process for preparation of the compound of formula
3, comprising the process as defined in claim 14.

19. The compound of formula 4

R4

wherein R?, R?, R* and R” are as defined in claim 1.

20. A process for preparation of the compound of formula
4, comprising the process as defined in claim 16.

21. A process for preparation of a halichondrin analog,
comprising the process as defined in claim 6.

#* #* #* #* #*



